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wherein Ar is a phenyl group optionally substituted by 1 to 3 halogen atom(s) or trifluoromethyl group, R is a hydrogen 
atom or lower alkyl group, and X is a leaving group. 
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Description 
TECHNICAL FIELD 

s [0001] The present invention relates to production methods of intermediates, particularly epoxytriazole derivative, 
for triazole compounds useful as an anti-fungal agent. 

BACKGROUND ART 

10 [0002] The epoxytriazole derivative represented by the formula (VI) 



75 



20 




(VI) 



25 (hereinafter to be also referred to as epoxytriazole derivative (VI)) is a useful synthetic intermediate for anti-fungal 
agents, such as triazole compounds described in JP-A-4-356471, JPtA-5-230038 and the like. 
[0003] The production methods of epoxytriazole derivative (VI) have been reported in, for example, Bulletin of the 
Chemical Society of Japan (Bull. Chem. Soc. Jpn), Vol. 67, 1427-1433 (1994), The Chemical Society of Japan, May 
1994, vol. 67, No. 5, pp. 1427-1433, Chemical & Pharmaceutical Bulletin (Chem. Pharm. Bull.), Vol. 43(3), 432-440 

30 (1995), Pharmaceutical Society of Japan, vol. 43, No. 3, pp. 432-440 (1995) and the like. According to these methods, 
as shown in the following reaction schemes, epoxidation of a compound of the formula (VII) (hereinafter to be also 
referred to as compound (VII)) wherein hydroxyl group is protected by a protecting group, such as tetrahydropyranyl 
group and the like, is conducted using trimethyloxosulfonium halide. 



40 



45 



50 




[0004] The compound (VII) used as a starting material in conventional methods can be produced by protecting hy- 
55 droxyl group of a compound, wherein tetrahydropyranyl group of the formula (VII) has been substituted by hydroxyl 
group (to be also referred to as a deprotected compound of compound (VII)), with tetrahydropyranyl group. However, 
the introduction of a protecting group is uneconomical because it requires an equimolar amount of tetrahydropyranyl 
derivative relative to the deprotected compound of compound (VII), and the like. In addition, the introduction of pro- 
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tecting group necessitates a deprotection step, thus increasing the number of steps and the like. Moreover, the intro- 
duction of protecting group leads to inefficiency. Thus, this method is industrially disadvantageous. According to con- 
ventional methods, moreover, stereoisomers, which are in a diastereomeric relationship and are unable to be used as 
an intermediate for a triazole compound, which is an anti-fungal agent, are by-produced in about 20%. The a-hydroxy- 
5 ketone derivative, which is a deprotected compound of compound (VII), is chemically unstable, and the above-men- 
tioned epoxidation without protection of hydroxyl group has been considered to be difficult. 

[0005] It is therefore an object of the present invention to provide a method for economically and efficiently producing 
epoxytriazole derivative (V) to be mentioned below, such as epoxytriazole derivative (VI) and the like, or an intermediate 
therefor, with high quality by an industrial means. 

10 

DISCLOSURE OF THE INVENTION 

[0006] As a result of the intensive studies done by the present inventors, they have found that the above-mentioned 
epoxidation unexpectedly proceeds even without protecting the deprotected compound of compound (VII), which has 
15 been expected to be difficult. Furthermore, they have found that diastereoselectivity can be dramatically improved, 
which resulted in the completion of the present invention. Accordingly, the present invention provides the following. 

1. A production method of a compound of the formula (II) 

20 



25 




(ID 



wherein 

30 Ar is a phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluoromethyl group, and 

R is a hydrogen atom or a lower alkyl group, (hereinafter to be also referred to as compound (II)), 

which comprises reacting a compound of the formula (I) 

35 



O 



40 




wherein each symbol is as defined above (hereinafter to be also referred to as compound (I)) with a trimethyloxo- 
sulfonium salt or a trimethylsulfonium salt in the presence of a base. 
45 2. The production method of the aforementioned 1 , wherein Ar is a group selected from the group consisting of a 

2,4-difluorophenyl group and a 2, 5-difluoro phenyl group. 

3. The production method of the aforementioned 2, wherein R is a methyl group. 

4. A production method of a compound of the formula (III) 

50 



55 
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(III) 



wherein each symbol is as defined above (hereinafter to be also referred to as compound (111)), or a salt thereof, 
which comprises reacting compound (I) with a trimethyloxosulfonium salt or a trimethylsulfonium salt in the pres- 
ence of a base to give compound (II). 

5. The production method of the aforementioned 4, further comprising reacting the compound (II) with 1 ,2,4-triazole 
in the presence of a base. 

6. The production method of the aforementioned 4 or 5, wherein Ar is a group selected from the group consisting 
of a 2,4-difluorophenyl group and a 2,5-difluorophenyl group. 

7. The production method of the aforementioned 6, wherein R is a methyl group. 

8. A production method of a compound of the formula (IV) 




(IV) 



wherein X is a leaving group, and other symbols are as defined above (hereinafter to be also referred to as com- 
pound (IV)), which comprises reacting compound (I) with a trimethyloxosulfonium salt or a trimethylsulfonium salt 
in the presence of a base to give compound (II). 

9. The production method of the aforementioned 8, which further comprises converting compound (II) to compound 
(IV). 

10. The production method of the aforementioned 8 or 9, wherein Ar is a group selected from the group consisting 
of a 2,4-difluorophenyl group and a 2,5-difluorophenyl group. 

11. The production method of the aforementioned 10, wherein R is a methyl group. 

12. A production method of an epoxytriazole derivative of the formula (V) 




wherein each symbol is as defined above, (hereinafter to be also referred to as epoxytriazole derivative (V)), or a 
salt thereof, which comprises reacting compound (I) with a trimethyloxosulfonium salt or a trimethylsulfonium salt 
in the presence of a base to give compound (II). 

13. The production method of the aforementioned 12, which further comprises converting compound (II) to com- 
pound (IV) and then reacting the compound (IV) with 1,2,4-triazole in the presence of a base. 

14. The production method of the aforementioned 1 2 or 1 3, wherein Ar is a group selected from the group consisting 
of a 2,4-difluorophenyl group and a 2,5-difluorophenyl group. 

15. The production method of the aforementioned 14, wherein R is a methyl group. 
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1 6. The production method of any of the aforementioned 3, 7, 1 1 and 1 5 t wherein the compound of the formula (I) 
is (2R)-2 , ,4 , -difluoro-2-hydroxypropiophenone obtained by deprotection of (2R)-2-(1-ethoxyethoxy)-1-(2,4-difluor- 
ophenyl)-1-propanone. 

17. (2R)-2-(1-Ethoxyethoxy)-1-(2 l 4-difluorophenyl)-1-propanone. 
5 1 8. (2R)-2-(1 -Ethoxyethoxy)-1 -<2,5-difluoro phenyl )-1 -propanone. 

1 9. (2R)-2\5'-Difluoro-2-hydroxypropiophenone. 

20. (2R t 3R)-3-(2\5 , -Difluorophenyl)-3,4-epoxy-2-butanol. 

21. (2R t 3R)-3-(2\5 , -Difluorophenyl)-3,4-epoxy-2-methanesulfonyloxybutane. 

10 EMBODIMENT FOR CARRYING OUT THE INVENTION 

[0007] The present invention is explained in detail in the following. 
[0008] The definition of each symbol is explained below. 

[0009] The alkyl in the present invention is linear when it does not have a prefix (e.g., iso, neo, sec-, tert- and the 
15 like). When simply put, for example, "propyl* means linear propyl. 

[0010] The "halogen atom" of "phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluoromethyl 
group" is exemplified by fluorine atom, chlorine atom, bromine atom, iodine atom and the like, with preference given 
to fluorine atom. 

[0011] The "phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluoromethyl group" is exemplified 
20 by phenyl group, 2-fluoro phenyl group, 3-fluorophenyl group, 4-fluorophenyl group, 2-chlorophenyl group, 3-chloroph- 
enyl group, 4-chlorophenyl group, 4-bromophenyl group, 4-iodophenyl group, 2,3-difluorophenyl group, 2, 4 -difluoro ph- 
enyl group, 2,5-difluorophenyl group, 3,4-difluorophenyl group, 3,5-difluorophenyl group, 2, 6-difluoro phenyl group, 
2,3-dichlorophenyl group, 2,4-dichlorophenyl group, 3,4-dichlorophenyl group, 3,5-dichlorophenyl group, 2,6-dichlo- 
rophenyl group, 2,4-dibromophenyl group, 2 ,4,6-trifluoro phenyl group, 2-trifluoromethylphenyl group, 3-trifluorometh- 
25 ylphenyl group, 4-trifluoromethyl phenyl group and the like, with preference given to 2,4-difluorophenyl group or 2,5-di- 
fluorophenyl group. 

[0012] The "lower alkyl group" means linear or branched chain alkyl group preferably having 1 to 12, more preferably 
1 to 3, carbon atoms. Examples thereof include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, 
pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and the like, with preference given to 
30 methyl. 

[0013] The "trimethyloxosulfonium salt" is exemplified by trimethyloxosulfonium chloride, trimethyloxosulfonium bro- 
mide, trimethyloxosulfonium iodide, trimethyloxosulfonium methylsulfate and the like. In view of easy availability, tri- 
methyloxosulfonium bromide and trimethyloxosulfonium iodide are preferable. 

[0014] Examples of "trimethylsulfonium salt" include trimethylsulfonium chloride, trimethylsulfonium bromide, tri- 
35 methylsulfonium iodide, trimethylsulfonium methylsulfate and the like. In view of easy availability, trimethylsulfonium 
bromide and trimethylsulfonium iodide are preferable. 

[0015] The "leaving substituent" and "leaving group" are the same, and, for example, -OS0 2 R 1 (R 1 is optionally 
substituted lower alkyl group or optionally substituted phenyl group) and the like are mentioned, with preference given 
to -OS0 2 CH 3 . 

40 [001 6] The "lower alkyl group" of the above-mentioned "optionally substituted lower alkyl group" for R 1 is as defined 
for the aforementioned "lower alkyl group". 

[0017] The substituent for the above-mentioned "optionally substituted lower alkyl group" for R 1 is exemplified by 
halogen atom such as fluorine atom, chlorine atom, bromine atom, iodine atom and the like, and the like, with preference 
given to fluorine atom. 

45 [0018] Examples of the above-mentioned "optionally substituted lower alkyl group" for R 1 include methyl, ethyl, pro- 
pyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, unde- 
cyl, dodecyl, fluoromethyl, trifluoromethyl and the like, with preference given to methyl and trifluoromethyl. 
[0019] The substituent of the above-mentioned "optionally substituted phenyl group" for R 1 is exemplified by lower 
alkyl group, halogen atom and the like, wherein "lower alkyl group" and "halogen atom" are as defined for the afore- 

50 mentioned "lower alkyl group" and "halogen atom", and is preferably methyl. 

[0020] The above-mentioned "optionally substituted phenyl group" for R 1 is exemplified by phenyl group, 2-methyl- 
phenyl group, 3-methyl phenyl group, 4-methyl phenyl group, 4-ethylphenyl group, 4-propylphenyl group, 4-isopropyl- 
phenyl group, 2-chlorophenyl group, 3-chloro phenyl group, 4-chlorophenyl group, 4-fluorophenyl group, 4-bromophe- 
nyl group and the like, with preference given to 4-methylphenyl group. 

55 [0021] In compound (I) - compound (IV) and epoxytriazole derivative (V) of the present invention, Ar is particularly 
preferably 2,4-difluorophenyl group or 2,5-difluorophenyl group and R is particularly preferably methyl group. 
[0022] The compound (I) - compound (IV) and epoxytriazole derivative (V) of the present invention may have one 
or more asymmetric carbon atoms, and compound (I) - compound (IV) and epoxytriazole derivative (V) of the present 
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invention encompass all the imaginable optically active forms and mixtures thereof (e.g., racemates, enantiomer mix- 
tures, diastereomer mixtures and the like). The preferable configurational compounds (I) - (IV) are respectively com- 
pounds of the formulae: 



Ar 



V ^ ^ R ^ "^V 

Ah , Ah . Ax^Y R , k and ^J^l 

OH 

(la) (Ila) (Ilia) (IVa) (Va) 



wherein each symbol is as defined for the aforementioned 1 and 6. 

[0023] The compound (III) and epoxytriazole derivative (V) have a 1 ,2,4-triazole ring, and may take the form of a 
salt. The salts of compound (III) and epoxytriazole derivative (V) include, for example, salts with mineral acids (e.g., 
hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and the like), organic acids (e.g., acetic acid, propionic acid, 
methanesulfonic acid, 4-toluenesulfonic acid and the like), and the like. 

[0024] The production methods of the present invention are shown in the following schemes in summary fashion. 



(I) 

Step A 
base 



trimethyloxosulfonium salt 
or trimethylsulfonium salt 




° H \ l3*H , base 
(II) 

er> B\ 



Step C Step B >«. 



(III) 



Step D 
l NH,base N^J, 

(V) 

wherein each symbol is as defined for the aforementioned 1 and 6. 
1. Production method of compound (II) (Step A) 

[0025] The compound (II) can be obtained by, for example, reacting compound (I) with trimethyloxosulfonium salt or 
trimethylsulfonium salt in a solvent in the presence of a base. The order of addition of the reagents is not particularly 
limited, and, for example, trimethyloxosulfonium salt or trimethylsulfonium salt and a base may be added to a solvent 
and then compound (I) may be added; or a solution of trimethyloxosulfonium salt or trimethylsulfonium salt may be 
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added to a solvent and then a base may be added thereto to allow reaction and the obtained solution may be added 
to a solution of compound (I) in a solvent. 

[0026] The base to be used in Step A is not particularly limited as long as it reacts with trimethytoxosulfonium salt 
or trimethylsulfonium salt to give sulfur ylide. Examples thereof include alkali metal hydroxides such as potassium 

s hydroxide, sodium hydroxide, lithium hydroxide and the tike; alkali metal hydrides such as sodium hydride, potassium 
hydride, lithium hydride and the like; alkyl-alkali metals such as n-butyllithium, methyllithium, n-hexyllithium and the 
like; alkali metal amides such as sodium amide, potassium amide, lithium diisopropyl amide, lithium dicyclohexyl amide, 
lithium hexamethyl disilazide and the like; alkali metal alkoxides such as potassium tert-butoxide, sodium tert-butoxide, 
sodium methoxide, sodium ethoxide, potassium methoxide, potassium ethoxide and the like; and the like, with prefer- 

10 ence given to sodium hydride. Sodium hydride may be dispersed in mineral oil such as liquid paraffin and the like and 
added dropwise. 

[0027] The amount of the base to be used in Step A is generally 0.25 mol - 1.1 mol, preferably 0.5 mol - 1.0 mol, 
more preferably 0.6 mol - 0.9 mol, relative to 1 mol of trimethyloxosulfonium salt or trimethylsulfonium salt. When the 
amount of the base to be used in Step A is less than 0.25 mol relative to 1 mol of trimethyloxosulfonium salt or trimeth- 

15 ylsulfonium salt, trimethyloxosulfonium salt or trimethylsulfonium salt remains more than necessary, which is econom- 
ically disadvantageous, and unpreferably causes side reaction. When the amount of the base to be used exceeds 1.1 
mol relative to 1 mol of trimethyloxosulfonium salt or trimethylsulfonium salt, a base unreacted with trimethyloxosulfo- 
nium salt or trimethylsulfonium salt remains in excess, which is economically disadvantageous and causes a side 
reaction (mostly isomerization) to possibly degrade the yield and quality. 

20 [0028] The amount of trimethyloxosulfonium salt or trimethylsulfonium salt to be used in Step A is generally 0.8 mol 
- 5.0 mol, preferably 1.0 mol - 3.0 mol, more preferably 1.1 mol - 2.5 mol, relative to 1 mol of compound (I). When the 
amount of trimethyloxosulfonium salt or trimethylsulfonium salt to be used in Step A is less than 0.8 mol relative to 1 
mol of compound (I), compound (I) partly remajns unreacted to possibly lower the_ yield. When the amount of trimetl>_ 
yloxosulfonium salt or trimethylsulfonium salt to be used exceeds 5.0 mol relative to 1 mol of compound (I), the effect 

25 corresponding to the amount used cannot be afforded, which is economically disadvantageous. 

[0029] The solvent to be used in Step A may be any as long as it does not inhibit the reaction. Examples thereof 
include ethers such as tetrahydrofuran (THF), methyl tert-butyl ether, 1,4-dioxane, diethylene glycol dimethyl ether 
(diglyme), ethylene glycol dimethyl ether, 1,3-dioxolane, 2-methyltetrahydrofuran and the like; aprotic polar solvents 
such as N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), dimethyl sulfoxide (DMSO), sulfolane, N- 

30 methyl-2-pyrrolidinone (NMP), 1,3-dimethyl-2-imidazolidinone (DMI), hexamethyl phosphoramide (HMPA), nitroben- 
zene, carbon disulfide, acetonitrile, propionitrile and the like; halogenated solvents such as methylene chloride, 
1,2-dichloroethane, monochlorobenzene, 1,2-dichlorobenzene, 2-chlorotoluene, 3-chlorotoluene, 4-chlorotoluene, 
2-chloro-m-xylene, 2-chloro-p-xylene, 4-chloro-o-xylene, 2,3-dichlorotoluene, 2,4-dichlorotoluene, 2,5-dichlorotolu- 
ene, 2,6-dichlorotoluene, 3,4-dichlorotoluene, monofluorobenzene and the like; aromatic hydrocarbon such as toluene, 

35 xylene and the like; and the like, and a mixed solvent thereof. When a mixed solvent is used, the solvents may be 
mixed at optional ratios by a conventionally known method. 

[0030] The amount of the solvent to be used is generally 1 L - 50 L, preferably 4 L - 30 L, more preferably 5 L - 25 
L, relative to 1 kg of compound (I). 

[0031] While the reaction temperature in Step A depends on the reagent to be used and the like, the reaction of Step 
^0 A generally proceeds from -40°C to 120°C, preferably from -20°C to 60°C, more preferably from -10°C to 40°C, gen- 
erally for 0.5 hr - 24 hr, preferably 1 hr - 8 hr. 

[0032] The compound (II) to be obtained in Step A can be isolated and purified by a conventional method. For ex- 
ample, the reaction mixture is poured into water and partitioned, the organic layer is washed and filtrated, and the 
obtained filtrate is washed, dried and concentrated under reduced pressure to isolate compound (II). After the isolation, 
45 for example, it is subjected to silica gel column chromatography for purification. The compound (II) can be used for the 
next reaction without purification. 

[0033] (2R,3R)-3-(2 , ,5 , -Difluorophenyl)-3,4-epoxy-2-butanol, which is one of the compounds (II) obtained in step A, 
is a novel compound, and can be produced by using (2R)-2\5'-difluoro-2-hydroxypropiophenone as compound (I). 
[0034] The compound (I), which is a starting material in Step A, can be synthesized by a method described in Bull. 

50 Chem. Soc. Jpn, Vol. 60, 1027-1036 (1987) and the like. For example, compound (I) wherein Ar is a 2,4-difluorophenyl 
group and R is methyl, can be obtained by deprotection of the tetrahydropyranyloxy group of compound (VII) disclosed 
in Bull. Chem. Soc. Jpn, Vol. 67, 1427-1433 (1994), by a known method. An optically active compound (I) can be 
obtained by deprotection of optically active compound (VII) disclosed in Chem. Pharm. Bull., Vol. 41(6), 1035-1042 
(1993) in the same manner, or by the method described in Tetrahedron Letters, 37, 8117-8120 (1996). By the use of 

55 optically active compound (I), an optically active form of compound (II) can be obtained. 

[0035] (2R)-2',4 , -Difluoro-2-hydroxypropiophenone, which is one of compounds (I), can be produced by deprotection 
of (2R)-2-(1-ethoxyethoxy)-1-(2,4-difluorophenyl)-1-propanone. (2R)-2-(1-Ethoxyethoxy)-1-(2,4-dffluorophenyl)- 
1-propanone is a novel compound, and can be produced by a method described in Reference Example 1 below or a 
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method analogous thereto. That is, (R)-alkyl lactate is reacted with dialkylamine to give (R)-dialkyl lactamide, which is 
reacted with ethyl vinyl ether to protect hydroxyl group with 1 -ethoxyethyl group, and then reacted with 2, 4-difluoro ph- 
enyl magnesium halide. 

[0036] (2R)-2\5 -Difluoro-2-hydroxypropiophenone, which is the other compound (I), can be produced by deprotec- 
5 tion of (2R)-2-(1-ethoxyethoxy)-1-(2,5-difluorophenyl)-1-propanone. (2R)-2\5'-Difluoro-2-hydroxypropiophenone and 
(2R)-2-(1-ethoxyethoxy)-1-<2,5Hdifluorophenyl)-1-propanone are novel compounds and can be produced in the same 
manner as above using 2,5-difluorophenylmagnesium halide instead of 2,4-difluorophenylmagnesium halide. 

2. Production method of compound (III) (Step B) 

10 

[0037] The compound (Ml) can be obtained by, for example, reacting compound (II) with 1,2,4-triazole in a solvent 
in the presence of a base. The order of addition of the reagents is not particularly limited. For example, 1,2,4-triazole 
and a base may be added to a solvent and then compound (II) may be added; or 1,2,4-triazole may be added to a 
solvent and a base may be added to allow reaction and the solution may be added to a solution of compound (II) in a 
15 solvent. 

[0038] The base to be used in Step B is not particularly limited as long as it forms a stable salt with 1,2,4-triazole. 
Examples thereof include alkali metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium hydroxide 
and the like; alkali metal carbonates such as potassium carbonate, sodium carbonate, lithium carbonate, cesium car- 
bonate and the like; alkali metal hydrides such as sodium hydride, potassium hydride, lithium hydride and the like; 

20 alkyl-alkali metals such as n-butyllithium, methyllithium, n-hexyllithium and the like; alkali metal amides such as sodium 
amide, potassium amide, lithium diisopropyl amide, lithium dicyclohexyl amide, lithium hexamethyl disilazide and the 
like; alkali metal alkoxides such as potassium tert-butoxide, sodium tert-butoxide, potassium methoxide, sodium meth- 
oxide, sodium ethoxide, potassium ethoxide and the like; tertiary amines such as 1,8-diazabicyclo[5.4.0]-7-undecene, 
1,5-diazabicyclo[4.3.0]-5-nonene, 1 ,4-diazabicyclo[2.2.2]octane, N,N,N\N'-tetranriethy (ethylene diamine, N,N-diiso- 

25 propylethylamine, triethyiamine and the like; and the like, with preference given to sodium hydride and potassium 
carbonate. Sodium hydride may be dispersed in mineral oil such as liquid paraffin and the like and added dropwise. 
[0039] The amount of the base to be used in Step B is generally 0.3 mol -1.3 mol, preferably 0.5 mol -1.1 mol, more 
preferably 0.8 mol - 1 .0 mol, relative to 1 mol of 1,2,4-triazole. The amount of the base to be used in Step B, which is 
less than 0.3 mol relative to 1 mol of 1,2,4-triazole, is unpreferable, because 1,2,4-triazole remains more than neces- 

30 sary, which is economically disadvantageous, and 1,2,4-triazole remaining after the reaction needs to be separated. 
When the amount of the base to be used exceeds 1 .3 mol relative to 1 mol of 1 ,2,4-triazole, a base that does not react 
with 1,2,4-triazole remains in excess, which is economically disadvantageous, and causes a side reaction to possibly 
degrade the yield and quality. 

[0040] The amount of 1 ,2,4-triazole to be used in Step B is generally 0.8 mol - 5.0 mol, preferably 1 .0 mol - 3.0 mol, 
35 more preferably 1.1 mol - 2.0 mol, relative to 1 mol of compound (II). When the amount of 1,2,4-triazole to be used in 
Step B is less than 0.8 mol relative to 1 mol of compound (II), compound (II) partly remains unreacted to possibly lower 
the yield. The amount of 1 ,2,4-triazole to be used, which exceeds 5.0 mol relative to 1 mol of compound (II), is unpref- 
erable, because 1,2,4-triazole not involved in the reaction remains in excess, which is economically disadvantageous, 
and 1,2,4-triazole remaining after reaction needs to be separated. 
40 [0041] To promote the reaction in Step B, for example, a phase-transfer catalyst such as tetraalkyl ammonium salts 
(e.g., octadecyl trimethyl ammonium bromide, tetrabutyl ammonium sulfate, tetrabutyl ammonium bromide, tetrabutyt 
ammonium iodide, tetrabutyl ammonium chloride and the like), trialkyl benzyl ammonium salts (e.g., benzyl trimethyl 
ammonium bromide, benzyl trimethyl ammonium chloride, benzyl triethyl ammonium chloride and the like); and the 
like may be added. 

45 [0042] The solvent to be used in Step B may be any as long as it does not inhibit the reaction. Examples thereof 
include ethers such as THF, methyl tert-butyl ether, 1,4-dioxane, diethylene glycol dimethyl ether (diglyme), ethylene 
glycol dimethyl ether, 1,3-dioxolane, 2-methyltetrahydrofuran and the like; aprotic polar solvents such as DMF, DMAc, 
DMSO, sulfolane, NMP, DM I, HMPA, methyl isobutyl ketone, methyl ethyl ketone, acetone, cyclohexanone, 3-pen- 
tanone, nitrobenzene, carbon disulfide, acetonitrile, propionitrile and the like; halogenated solvents such as methylene 

50 chloride, 1,2Hjichloroethane, monochlorobenzene, 1,2-dichlorobenzene, 2-chlorotoluene, 3-chlorotoluene, 4-chloro- 
toluene, 2-chloro-m-xylene, 2-chloro-p-xylene, 4-chloro-o-xylene, 2,3-dichlorotoluene, 2,4-dichlorotoluene, 2,5-dichlo- 
rotoluene, 2,6-dichlorotoluene, 3,4-dichlorotoluene, monofluorobenzene and the like; aromatic hydrocarbon such as 
toluene, xylene and the like; and the like, and a mixed solvent thereof. When a mixed solvent is used, the solvents 
may be mixed at optional ratios by a conventionally known method. 

55 [0043] The amount of the solvent to be used is generally 1 L - 50 L, preferably 3 L - 30 L, more preferably 5 L - 25 
L, relative to 1 kg of compound (II). 

[0044] While the reaction temperature in Step B depends on the reagent to be used and the like, the reaction of Step 
B generally proceeds from -20° C to 150°C, preferably from 0°C to 100°C, more preferably from 20°C to 90°C, generally 
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for 0.5 hr - 24 hr, preferably 1 hr - 10 hr. 

[0045] The compound (III) to be obtained in Step B can be isolated and purified by a conventional method. For 
example, the reaction mixture is poured into water and partitioned, the organic layer is washed and filtrated, and the 
obtained filtrate is washed, dried and concentrated under reduced pressure to isolate compound (III). After the isolation, 
5 for example, it is subjected to silica gel column chromatography for purification. The compound (III) can be used for 
the next reaction without purification. 

[0046] The epoxytriazole derivative (V) can be derived from compound (III) by a known method, for example, a 
method described in Bull. Chem. Soc. Jpn, Vol. 67, 1427-1433 (1994). 3. Production method of compound (IV) (Step C) 
[0047] The compound (IV) can be produced by, for exam pie, introducing hydroxy I group of compound (II) into sulfonic 
10 acid ester (-OS0 2 R 1 ). 

[0048] In Step C, a method for deriving hydroxyl group of compound (II) into sulfonic acid ester may be, for example, 
a method comprising reacting compound (II) with sulfonyl halide of the formula: YS0 2 R 1 (XI) wherein Y is chlorine 
atom or bromine atom and R 1 is as defined above (hereinafter to be also referred to as sulfonyl halide (XI)), or sulfonic 
anhydride of the formula: -0(S0 2 R 1 ) 2 (XII) wherein R 1 is as defined above (hereinafter to be also referred to as sulfonic 

15 anhydride (XII)) in a solvent in the presence of a base. The order of addition of the reagents is not particularly limited. 
For example, compound (II) and base may be added to a solvent and then sulfonyl halide (XI) or sulfonic anhydride 
(XII) (hereinafter to be also referred to as sulfonyl halide and the like, when these are not particularly distinguished) 
may be added; or compound (II), sulfonyl halide and the like may be added to a solvent and then a base may be added. 
[0049] The base to be used in Step C is, for example, aliphatic tertiary amines (e.g., trimethylamine, triethylamine, 

20 tributylamine, diisopropylethylamine, N-methylmorpholine and the like), aromatic amines (e.g., pyridine, picoline, 
2,6-lutidine, collidine, 4-(N,N-dimethylamino)pyridine, N.N-dimethylaniline, N,N-diethylaniline and the like) or alkali 
metal carbonates (e.g., sodium carbonate, potassium carbonate and the like), basic ion-exchange resins (e.g., am- 
berlight IRA-67, amberlight IRA-900 and the like), and the like. Preferred is triethyla m ine or sodium carbonate, and 
particularly preferred is triethylamine. 

25 [0050] The amount of the base to be used in Step C is generally 0.8 mol - 3.0 mol, preferably 1 .0 mol - 2.0 mol, more 
preferably 1.0 mol - 1.5 mol, relative to 1 mol of sulfonyl halide and the like. When the amount of the base to be used 
in Step C is less than 0.8 mol relative to 1 mol of sulfonyl halide and the like, the generated acid cannot be trapped 
and side reaction occurs. In addition, the reaction rate tends to be unpreferably late. When the amount of the base to 
be used exceeds 3.0 mol relative to 1 mol of sulfonyl halide and the like, the effect corresponding to the amount used 

30 cannot be afforded, which is economically disadvantageous. 

[0051] The amount of sulfonyl halide and the like to be used in Step C is generally 0.8 mol - 3.0 mol, preferably 1 .0 
mol - 2.0 mol, more preferably 1 .0 mol -1.5 mol, relative to 1 mol of compound (II). When the amount of sulfonyl halide 
and the like to be used in Step C is less than 0.8 mol relative to 1 mol of compound (II), compound (II) partly remains 
unreacted to possibly lower the yield. When the amount of sulfonyl halide and the like to be used exceeds 3.0 mol 

35 relative to 1 mol of compound (II), sulfonyl halide and the like not involved in the reaction remains in excess, which is 
economically disadvantageous, and unpreferably causes side reaction. 

[0052] The solvent to be used in Step C may be any as long as it does not inhibit the reaction. Examples thereof 
include methylene chloride, 1 ,2-dichloroethane, monochlorobenzene, 1,2-dichlorobenzene, 2-chlorotoluene, 3-chlo- 
rotoluene, 4-chlorotoluene, 2-chloro-m-xylene, 2-chloro-p-xylene, 4-chloro-o-xylene, 2,3-dichlorotoluene, 2,4-dichlo- 

40 rotoluene, 2,5-dichlorotoluene, 2,6-dichlorotoluene, 3,4-dichlorotoluene, monofluorobenzene, nitrobenzene, carbon di- 
sulfide, toluene, acetonitrile, propionitrile, methyl tert-butyl ether, ethylene glycol dimethyl ether, diethylene glycol dime- 
thyl ether, tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-dioxolane, 1,4-dioxane and the like, with preference given to 
toluene. In addition, a mixed solvent thereof may be used, and when a mixed solvent is used, the solvents may be 
mixed at optional ratios by a conventionally known method. 

45 [0053] The amount of the solvent to be used is generally 1 L - 50 L, preferably 4 L - 30 L, more preferably 5 L - 25 
L, relative to 1 kg of compound (II). 

[0054] While the reaction temperature in Step C depends on the reagent to be used and the like, the reaction of Step 
C generally proceeds from -30°C to 80°C, preferably from -10°C to 60°C, more preferably from -5°C to 30°C, generally 
for 0.5 hr - 24 hr, preferably 1 hr - 10 hr. 

50 [0055] The compound (IV) to be obtained in Step C can be isolated and purified by a conventional method. For 
example, the reaction mixture is poured into water and partitioned, the organic layer is washed and filtrated, and the 
obtained filtrate is washed, dried and concentrated under reduced pressure to isolate compound (IV). After the isolation, 
for example, it is subjected to silica gel column chromatography for purification. The compound (IV) can be used for 
the next reaction without purification. 

55 [0056] (2R,3R)-3-(2 , ,5 , -Difluorophenyl)-3,4-epoxy-2-methanesulfonyloxybutane, which is one of the compounds (IV) 
obtained in step C is a novel compound and can be produced using (2R,3R)-3-(2\5'-difluorophenyl)-3,4-epoxy-2-bu- 
tanol as compound (II). 

[0057] As the compound (II), which is a starting material in Step B and Step C, for example, that obtained in the 
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above-mentioned Step A can be used. By the use of optically active compound (I) as the starting material of the above- 
mentioned Step A, an optically active compound (II) can be obtained. In Step Bor StepC, the use of an optically active 
compound (II) affords an optically active compound (III) or an optically active compound (IV). 

5 4. Production method of epoxytriazole derivative (V) (Step D) 

[0058] The epoxytriazole derivative (V) can be obtained by, for example, reacting compound (IV) with 1 ,2,4-triazole 
in a solvent in the presence of a base. The order of addition of the reagents is not particularly limited. For example, 
1 ,2,4-triazole and a base may be added to a solvent and then compound (IV) may be added; or 1 ,2,4-triazole may be 
10 added to a solvent, a base may be added to allow reaction and the obtained solution may be added to a solution of 
compound (IV) in a solvent. 

[0059] The base to be used in Step D is not particularly limited as long as it forms a stable salt with 1 ,2,4-triazole. 
Examples thereof include alkali metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium hydroxide 
and the like; alkali metal carbonates such as potassium carbonate, sodium carbonate, lithium carbonate, cesium car- 
ts bonate and the like; alkali metal hydrides such as sodium hydride, potassium hydride, lithium hydride and the like; 
alkyl-alkali metals such as n-butyllithium, methyllithium, n-hexyllithium and the like; alkali metal amides such as sodium 
amide, potassium amide, lithium diisopropyl amide, lithium dicyclohexyl amide, lithium hexamethyl disilazide and the 
like; alkali metal alkoxides such as potassium tert-butoxide, sodium tert-butoxide, potassium methoxide, sodium meth- 
oxide, sodium ethoxide, potassium ethoxide and the like; and the like, with preference given to sodium hydride, potas- 
20 sium carbonate and sodium methoxide. Sodium hydride may be dispersed in mineral oil such as liquid paraffin and 
the like and added dropwise. 

[0060] The amount of the base to be used in Step D is generally 0.3 mol -1.3 mol, preferably 0.5 mol -1.1 mol, more 
preferably 0.8 mol - 1.0 mol, relative to 1 mol of 1 ,2,4-triazole. The amount of the base to be used in Step D, which is 
less than 0.3 mol relative to 1 mol of 1,2,4-triazole, is unpreferable, because 1 ,2,4-triazole remains more than neces- 
25 sary, which is economically disadvantageous, and 1 ,2,4-triazole remaining after reaction needs to be separated. When 
the amount of the base to be used in Step D exceeds 1.3 mol relative to 1 mol of 1,2,4-triazole, a base that does not 
react with 1 ,2,4-triazole remains in excess, which is economically disadvantageous, and causes a side reaction to 
possibly degrade the yield and quality. 

[0061] The amount of 1,2,4-triazole to be used in Step D is generally 0.8 mol - 5.0 mol, preferably 1.0 mol - 3.0 mol, 
30 more preferably 1.1 mol - 2.0 mol, relative to 1 mol of compound (IV). When the amount of 1 ,2,4-triazole to be used in 
Step D is less than 0.8 mol relative to 1 mol of compound (IV), compound (IV) partly remains unreacted to possibly 
lower the yield. The amount of 1,2,4-triazole to be used, which exceeds 5.0 mol relative to 1 mol of compound (IV), is 
unpreferable, because 1,2,4-triazole not involved in the reaction remains in excess, which is economically disadvan- 
tageous, and 1,2,4-triazole remaining after reaction needs to be separated. 
35 [0062] To promote the reaction in Step D, for example, a phase-transfer catalyst such as tetraalkyl ammonium salts 
(e.g., octadecyl trimethyl ammonium bromide, tetrabutyl ammonium sulfate, tetrabutyl ammonium bromide, tetrabutyl 
ammonium iodide, tetrabutyl ammonium chloride and the like), trialkyl benzyl ammonium salts (e.g., benzyl trimethyl 
ammonium bromide, benzyl trimethyl ammonium chloride, benzyl triethyl ammonium chloride and the like); and the 
like may be added. 

40 [0063] The solvent to be used in Step D may be any as long as it does not inhibit the reaction. Examples thereof 
include ethers such as THF, methyl tert-butyl ether, 1,4-dioxane, diethylene glycol dimethyl ether (diglyme), ethylene 
glycol dimethyl ether, 1,3-dioxoIane, 2-methyltetrahydrofuran and the like; aprotic polar solvents such as DMF, DMAc, 
DMSO, sulfolane, NMP, DMI, HMPA, methyl isobutyl ketone, methyl ethyl ketone, acetone, cyclohexanone, 3-pen- 
tanone, nitrobenzene, carbon disulfide, acetonitrile, propionitrile and the like; halogenated solvents such as methylene 

45 chloride, 1,2-dichloroethane, monochlorobenzene, 1,2-dichlorobenzene, 2-chlorotoluene, 3-chlorotoluene, 4-chloro- 
toluene, 2-chloro-m-xylene, 2-chloro-p-xylene, 4-chloro-o-xylene, 2,3-dichlorotoluene, 2,4-dichlorotoluene, 2,5-dichlo- 
rotoluene, 2,6-dichlorotoluenej 3,4-dichlorotoluene, monofluorobenzene and the like; aromatic hydrocarbon such as 
toluene, xylene and the like; and the like, or a mixed solvent thereof may be used. When a mixed solvent is used, the 
solvents may be mixed at optional ratios by a conventionally known method. 

50 [0064] The amount of the solvent to be used is generally 1 L - 50 L, preferably 3 L - 30 L, more preferably 5 L - 25 
L, relative to 1 kg of compound (IV). 

[0065] While the reaction temperature in Step D depends on the reagent to be used and the like, the reaction of Step 
D generally proceeds from -20°C to 150°C, preferably 0°C - 100°C, more preferably 20°C - 90°C, generally for 0.5 hr 
- 24 hr, preferably 1 hr - 10 hr. 

55 [0066] The epoxytriazole derivative (V) to be obtained in Step D can be isolated and purified by a conventional 
method. For example, the reaction mixture is poured into water and partitioned, the organic layer is washed and filtrated, 
and the obtained filtrate is washed, dried and concentrated under reduced pressure to isolate epoxytriazole derivative 
(V). After the isolation, for example, it can be subjected to silica gel column chromatography and recrystallization for 
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purification. The epoxytriazole derivative (V) can be also used for the reaction to lead to the objective pharmaceutical 
product compound without purification. 

[0067] As the compound (IV), which is a starting material in Step D, for example, that obtained in the above-mentioned 
Step C can be used. By the use of optically active compound (II) as the starting material of the above-mentioned Step 
5 C, an optically active compound (IV) can be obtained. In Step D, the use of an optically active compound (IV) affords 
an optically active epoxytriazole derivative (V). 

[0068] The epoxytriazole derivative (V) can be led to a triazole compound useful as an anti-fungal agent, according 
to a method described in, for example, JP-A-4-356471, JP-A-5-230038 and the like. 

10 EXAMPLES 

[0069] The present invention is described in more detail in the following by means of Examples and Reference 
Example s, which are not to be construed as limitative. 

15 Reference Example 1 : (2R)-2\4'-difluoro-2-hydroxypropiophenone. 

(a) :(2R)-N,N-dimethyl-2-0-(1-ethoxyethyl)lactamide 

[0070] N,N-Dimethylamine (405.7 g, 9.0 mol) was blown in a solution of (D)-methyl lactate (469 g, 4.5 mol) in methanol 
20 (234 ml_) at 0 - 15°C and the solution was stirred in a sealed vessel at 60 - 65°C for 24 hr. The reaction mixture was 
concentrated under reduced pressure to give (D)-N,N-dimethyl lactamide (525 g). To the solution of a part (109 g, 0.93 
mol) of the obtained (D)-N,N-dimethyl lactamide in THF (97 ml_) were successively added dropwise methanesulfonic 
acid (0.9 g, 9.4 mmol) and ethyl vinyl ether (74 g, 1 .03 mol) at 15 - 20°C and the mixture was stirred for 5 hr to give a 
solution of (2R)-N,N-dimethyl-2-0-(1-ethoxyethyl)lactamide in THF. 
25 1H-NMR(CDCI 3 , 5ppm) 1. 15-1.41 (9H,m), 2.95 (s) t 2.96 (s), 3.10 (s), 3. 13 (s) (total 6H, N(CH 3 ) 2 ), 3.47-3.70(2H,m, 
OCH 2 C), 4.50(q,J=7Hz), 4.62(q,J=7Hz)(total 1H,H-2), 4.68(q,J=5Hz), 4.78(q,J=5Hz)(total 1H,OCHC). 

(b) :(2R)-2-(1-ethoxyethoxy)-1-(2,4-difluorophenyl)-1-propanone 

30 [0071] Subsequent to Reference Example 1(a), to this amide solution was dropwise added at room temperature a 
solution of 2,4-difluorophenylmagnesium bromide, which had been synthesized from 2,4-difluorobromobenzene (180 
g, 0.93 mol) and magnesium (23 g, 0.95 mol) by a conventional method, in THF (485 mL). The mixture was stirred 
overnight. The reaction solution was flown into cooled aqueous ammonium chloride solution, neutralized with aqueous 
citric acid solution and extracted 3 times with toluene. The organic layer was mixed and the mixture was washed 

35 successively with aqueous ammonium chloride solution and water to give a solution of (2R)-2-(1-ethoxyethoxy)- 
1-(2,4-difluorophenyl)-1-propanone in toluene. 

1 H-NMR(CDCI 3 , 5ppm) 1.09(t,J=7Hz), 1.16 (t,J=7Hz) (total 3H,OCCH 3 ), 1.30(d,J=5Hz), 1.37 (d,J=5Hz) (total 3H t 
OCCH 3 ), 1.41(d,J=7Hz), 1.44(d,J=7Hz) (total 3H.H-3), 3.45-3.60 (2H,m,OCH 2 C), 4.74-4.85(1 H,m t OCHC), 4.89(q, 
J=7Hz), 5.05(q,J=7Hz)(total 1H,H-2), 6.85-6.91 (1H,m), 6.95-7.00(1 H.m), 7.89-7.98(1 H,m). 

40 

(c) :(2R)-2\4'-difluoro-2-hydroxypropiophenone 

[0072] Subsequent to Reference Example 1(b), methanol (97 mL) and methanesulfonic acid (0.9 g, 9.4 mmol) were 
added to the toluene solution, and the mixture was stirred at 40°C for 2.5 hr. The reaction mixture was washed suc- 
45 cessively with 5% brine (once) and water (two times) and the organic layer was concentrated under reduced pressure 
to give the title compound as a pale-yellow oil (120 g, yield 69%). 
(2R)-N,N-dimethyl-2-0-(1-ethoxyethyl)lactamide: 

1 H-NMR(CDCI 3 , 5ppm) 1.15-1.41 (9H,m), 2.95(s), 2.96 (s), 3.10 (s), 3. 13 (s) (total 6H,N(CH 3 ) 2 ), 3.47-3.70(2H,m, 
OCH 2 C), 4. 50 (q,J=7Hz), 4.62(q,J=7Hz)(total 1H.H-2), 4.68(q,J=5Hz), 4.78(q,J=5Hz)(total 1H,OCHC). 
50 (2R)-2-(1-ethoxyethoxy)-1-(2 1 4-difluorophenyl)-1-propanone: 

1 H-NMR(CDCI 3 , 6ppm) 1.09 (t,J=7Hz), 1.16 (t,J=7Hz) (total 3H,OCCH 3 ), 1.30 (d,J=5Hz), 1.37 (d,J=5Hz) (total 3H, 
OCCH 3 ), 1.41(d,J=7Hz), 1.44(d,J=7Hz)(total 3H,H-3), 3.45-3. 60 (2H,m,OCH 2 C), 4.74-4.85(1 H.m.OCHC), 4. 89 (q, 
J=7Hz) t 5.05(q,J=7Hz)(total 1H,H-2), 6.85-6.91 (1H,m), 6.95-7.00(1 H,m), 7.89-7.98(1 H,m). 

55 Reference Example 2 : (2R)-2\4'-difluoro-2-hydroxypropiophenone 

[0073] (2R)-2 , ,4 , -Difluoro-2-(3,4,5 t 6-tetrahydro-2H-pyran-2-yloxy)propiophenone (9.62 g, 35.6 mmol, synthesized 
according to the description in Chem. Pharm. Bull., Vol. 41(6), 1035-1042 (1993)) was dissolved in ethanol (99.5%, 
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50 ml_), and pyridinium p-toluenesulfonate (0.89 g t 3.6 mmol) was added. The mixture was stirred at 50 - 60°C for 1 
hr. After cooling, the reaction mixture was concentrated under reduced pressure to about 10 m!_. Water (20 mL) was 
flown in and the mixture was extracted twice with ethyl acetate (50 mL). The layers extracted with ethyl acetate were 
mixed, washed with saturated brine (20 mL) and dried over anhydrous magnesium sulfate. After filtration, the filtrate 
5 (ethyl acetate solution) was concentrated. The obtained concentrate (about 9.5 g) was subjected to silica gel column 
chromatography (Si0 2 , 30 g) and eluted with n-heptane - ethyl acetate (10:1 -» 5:1). The objective fraction was con- 
centrated to give the title compound as a pale-yellow oil (6.00 g, yield: 91%). 

Example 1 : (2R,3R)-3-(2\4'-difluorophenyl)-3,4-epoxy-2-butanol 

10 

[0074] Trimethyloxosulfonium bromide (2.66 g, 15.4 mmol) was dissolved in dimethyl sulfoxide (13 mL), and sodium 
hydride (60% dispersion in oil, 0.27 g, 6.79 mmol) was added by small portions at room temperature. After generation 
of hydrogen stopped, a solution (5 mL) of (2R)-2 , ,4'-difluoro-2-hydroxypropiophenone (1.10 g, 5.91 mmol) in dimethyl 
sulfoxide was slowly added dropwise, and the mixture was stirred for about 30 min. After completion of the reaction, 

15 the reaction mixture was added dropwise to water (50 mL) and extracted twice with ethyl acetate (50 mL). The layers 
extracted with ethyl acetate were mixed, washed twice with water (20 mL) and dried over anhydrous magnesium sulfate. 
After filtration, the filtrate (ethyl acetate solution) was concentrated. The obtained concentrate was subjected to silica 
gel column chromatography (Si0 2 , 10 g) and eluted with n-heptane - ethyl acetate (10:1 — > 2:1 ). The objective fraction 
was concentrated to give a colorless oil (1.06 g). The obtained colorless oil was analyzed by high performance liquid 

20 chromatography (HPLC) for area percentage. As a result, it was a 12:1 mixture of mainly the title compound and a 
diastereomer thereof, (2R,3S)-compound. 

HPLC analysis conditions . 

25 [0075] column: Symmetry C18 (manufactured by Waters, 5 ^m, 3.9 mm X 150 mm), column temperature: 35°C, 
mobile phase: 20% CH 3 CN-H 2 0 (v/v), detection wavelength: 254 nm, retention time: (2R,3S)-compound; 13.9 min, 
(2R,3R)-compound; 14.3 min. 
1 H-NMR(CDCI 3 , 5ppm) 

(2R,3R)-compound: 1.16(3H,d,J=7Hz), 1.79(1H,d,J=8Hz), 2.80(1 H,d,J=5Hz), 3.30(1H,d,J=5Hz), 4.07-4.11(1 H,m), 
30 6.78-7.91 (2H,m), 7.38-7.44(1 H,m). 

(2R,3S)-compound: 1 .19(3H,d,J=6Hz), 2.22(1 H,br.s), 2.91(1 H,d,J=5Hz), 3.28(1 H,d,J=5Hz), 4.07-4.11(1H,m), 
6.78-7.91(2H,m), 7.38-7.44(1 H,m). 

Example 2: (2S t 3S)-3-(2\4'-difluorophenyl)-3,4-epoxy-2-butanol 

35 

[0076] Trimethyloxosulfonium iodide (3.56 g, 16.2 mmol) was dissolved in a mixed solvent of dimethyl sulfoxide (16 
mL) and tetrahydrofuran (10 mL), and the mixture was cooled to 0 - 5°C. Sodium hydride (60% dispersion in oil, 0.5 
g, 12.4 mmol) was added by small portions at 0 - 5°C. After generation of hydrogen stopped, the mixture was aged 
for 4 hr. A solution (6 mL) of (2S)-2',4'-difluoro-2-hydroxypropiophenone (2.0 g, 1 0.08 mmol) in dimethyl sulfoxide was 

*o added dropwise at 0 - 5° C over 5 hr. After confirmation of the completion of the reaction by HPLC analysis, the reaction 
mixture added dropwise to water (52 mL) and the mixture was extracted twice with ethyl acetate (26 ml). The layers 
extracted with ethyl acetate were mixed, washed twice with brine (10 mL) and dried over anhydrous magnesium sulfate. 
After filtration, the filtrate (ethyl acetate solution) was concentrated to give a pale-yellow oil (2.03 g). The obtained pale- 
yellow oil was analyzed under the above-mentioned HPLC conditions for area percentage. As a result, it was a 25:1 

45 mixture of mainly the title compound and a diastereomer thereof, (2S,3R)-compound. 
[0077] The 1 H-NMR data were the same as those obtained in Example 1 

Example 3: (2S,3S)-2-(2,4-difluorophenyl)-1-(1 H-1 ,2,4-triazol-1-yl)-2,3-butanediol 

so [0078] Trimethyloxosulfonium iodide (17.7 g, 80.6 mmol) was dissolved in a mixed solvent of dimethyl sulfoxide (80 
ml) and tetrahydrofuran (30 ml) and the mixture was cooled to 0 - 5°C. Sodium hydride (60% dispersion in oil, 2.47 g, 
61.9 mmol) was added by small portions at 0 - 5°C. After generation of hydrogen stopped, the mixture was aged for 
1.5 hr, and a solution (20 ml) of (2S)-2',4 , -difluoro-2-hydroxypropiophenone (10.0 g, 53.8 mmol) in dimethyl sulfoxide 
was added dropwise at -5 to 5°C over 3.5 hr. After confirmation of the completion of the reaction by HPLC analysis, 

55 1 ,2,4-triazole (12.8 g, 185.7 mmol) and potassium carbonate (14.8 g, 107.6 mmol) were added and the mixture was 
heated at an internal temperature of 90 - 93°C for 2 hr. After confirmation of the completion of the addition reaction by 
HPLC analysis, water (200 ml) was flown in and the mixture was extracted 3 times with ethyl acetate (100 ml). The 
layers extracted with ethyl acetate were mixed, washed twice with water (100 ml) and dried over anhydrous magnesium 
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sulfate. After filtration, the filtrate (ethyl acetate solution) was concentrated. The obtained oil (13.5 g) was washed 
successively with a mixed solvent of ethyl acetate (10 ml) and n-heptane (30 ml) and then with a mixed solvent of ethyl 
acetate (5 ml) and n-heptane (10 ml), after which dispersion crystallized from methyl tert-butyl ether (20 ml). Filtration 
and drying gave the title compound as white crystals (2.25 g). The filtrate was concentrated, and the obtained concen- 
5 trate (8.03 g) was subjected to HPLC quantitative determination analysis. As a result, 4.76 g of the title compound was 
contained. The total yield was 48.5%. The HPLC analysis conditions were the same as in Example 1 (retention time: 
7.5 min). 

1H-NMR(CDCI 3 , 5ppm) 0.98(3H,d,J=6Hz) t 2.62(1 H,d l J=9Hz), 4.31-4.34(1 H,m), 4.79, 4.80(each 1H,d,J=14Hz), 4.82 
(1H,s), 6.72-6.79(2H,m), 7.38-7.45(1 H,m), 7.83,7.85(each 1H,s). 

10 

Example 4: (2R,3S)-2-(2 ) 4-difluorophenyl)-3-methyl-2-[(1H-1 l 2,4-triazol-1-yl)methyl]oxirane 

(a) :(2R,3R)-3-(2 , ,4 , -difluorophenyl)-3,4-epoxy-2-methanesulfonyloxybutane 

15 [0079] A mixture (12:1, 0.3 g, 1 .5 mmol) of (2R t 3R)-3-(2 , ,4'-difluorophenyl)-3,4-epoxy-2-butanol and a diastereomer 
thereof ((2R,3S)-compound), which was obtained in Example 1, and triethylamine (0.312 ml_, 2.25 mmol) were added 
to toluene (5 ml_) and the mixture was cooled to 0 - 10°C. Methanesulfonyl chloride (0.14 mL, 1.8 mmol) was added 
dropwise, and the mixture was stirred for 1 hr. After confirmation of the completion of the reaction by reversed phase 
HPLC, water (20 mL) and ethyl acetate (50 mL) were added for partitioning. The obtained ethyl acetate layer was 

20 washed with saturated brine (20 mL) and dried over anhydrous magnesium sulfate. After filtration, the filtrate (ethyl 
acetate solution) was concentrated to give (2R l 3R)-3-(2 , ,4 , -difluorophenyl>-3,4-epoxy-2-methanesulfonyloxybutane as 
an oil (about 0.42 g). 

1 H-NMR(CDCI 3 , 6ppm) 1.43(3H,d,J=7Hz), 2.97(1 H,d,J=5Hz), 3.11(3H,s), 3.22(1 H,d,J=5Hz), 4.75(1 H,q,J=7Hz), 
6.82-6.87(1 H,m), 6.90-6.95(1 H.m), 7.41-7.47(1 H,m) 

25 

(b) : (2R,3S)-2-(2,4-difluorophenyl)-3-methyl-2-[(1 H-1 ,2,4-triazol-1-yl)methyl]oxirane 

[0080] To a solution (3 mL) of 1 ,2,4-triazole (0.259 g, 3.75 mmol) in N,N-dimethylformamide was added small portions 
of sodium hydride (60% dispersion in oil, 0.12 g, 3.0 mmol) at about 20°C, and the mixture was stirred for about 3 hr 

30 until hydrogen was not generated. To a solution of sodium salt of 1 ,2,4-triazole thus obtained was added dropwise a 
solution (5.5 mL) of the total amount of (2R,3R)-3-(2',4 , -difluorophenyl)-3,4-epoxy-2-methanesulfonyoxybutane ob- 
tained in Example 4 (a) in N,N-dimethylformamide at room temperature. The mixture was stirred at 75 - 80°C for 1.5 
hr. The reaction mixture was added dropwise to water (20 mL), and the mixture was extracted 3 times with ethyl acetate 
(20 mL). The extracted ethyl acetate layers were mixed, and the mixture was washed twice with saturated brine (10 

35 mL) and dried over anhydrous magnesium sulfate. After filtration, the filtrate (ethyl acetate solution) was concentrated 
and the obtained concentrate was subjected to silica gel column chromatography (Si0 2 , 5 g) and eluted with n-heptane 
- ethyl acetate (10:1) -» ethyl acetate. The objective fraction was concentrated to give a pale-yellow oil (0.297 g). The 
obtained pale-yellow oil was crystallized from a mixed solvent of ethyl acetate (1 mL) - n-heptane (4 mL) to give the 
title compound (0. 1 85 g, yield from (2R)-2',4'-difluoro-2-hydroxypropiophenone: 44%). As a result of analysis by HPLC, 

40 the optical purity was 100% e.e. 

HPLC analysis conditions 

[0081] column: Chiralcel OD-H (manufactured by DAICEL CHEMICAL, 4.6 mm X 250 mm), column temperature: 
45 30°C, mobile phase: 10% isopropanol - n-hexane(v/v), detection wavelength: 254 nm, retention time: (2R,3S)-com- 
pound; 14.7 min, (2S,3R)-compound; 19.1 min. 

1 H-NMR (CDCI 3 , 8ppm) 1.64(3H,d,J=6Hz), 3.19(1H,q,J=6Hz), 4.43,4.88(each IKd.J^SHz), 6.70-6.80(2H,m), 
6.90-7.04(1 H,m), 7.81,7.96(each 1H,s). 

50 Example 5:(2R)-2\5'-difluoro-2-hydroxypropiophenone 

(a): (2 R)-2-( 1 -ethoxyethoxy)-1 -(2,5-d ifluorophenyl)-1 -propanone 

[0082] In the same manner as in Reference Example 1(b) except that 2,5-difluorobromobenzene (65 g, 0.34 mol) 
55 was used instead of 2,4-difluorobromobenzene, (2R)-2-(1-ethoxyethoxy)-1-(2,5-difluorophenyl)-1-propanone (61 g, 
yield 70%) was obtained. 

1H-NMR(CDCI 3 , 5ppm) 1.09(t,J=7Hz), 1.16 (t,J=7Hz) (total 3H), 1.30(d,J=5Hz), 1.37(d,J=5Hz)(total 3H), 1.42(d, 
J=7Hz), 1.44(d,J=7Hz)(total 3H), 3.45-3.65(2H,m), 4.76-4.85(1 H,m), 4.91(q,J=7Hz), 5.07(q,J=7Hz)(total 1H), 
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7.08-7.1 7(1 H,m), 7.1 9-7.26(1 H t m), 7.50-7.59(1 H,m) 
(b): (2R)-2',5 , -difluoro-2-hydroxypropiophenone 

5 [0083] (2R)-2-(1-Ethoxyethoxy)-1-(2 1 5-difluorophenyl)-1-propanone obtained in Example 5(a) was dissolved in a tol- 
uene (140 ml_)/THF (203 ml_) mixed solution, ethylene glycol (35 ml_) and methanesulfonic acid (0.07 g) were added 
and the mixture was stirred at 40-50°C for 6.5 hr. The reaction mass was washed successively with 5% brine (twice) 
and pure water (3 times). The organic layer was concentrated and the residue was distilled under reduced pressure 
to give the title compound (30.3 g, yield 69%) as a pale-yellow oil. 

10 1H-NMR(CDCI 3 , 5ppm) 1.40(3H,d,J=7Hz), 3.67(1 H,d,J=6Hz), 4.99-5.07(1 H,m), 7.14-7.19(1 H,m), 7.26-7.32(1 H,m), 
7.60-7.64(1 H,m) 

Example 6: (2R,3R)-3-(2\5'-dif]uorophenyl)-3,4-epoxy-2-butanol 

15 [0084] Trimethyloxosulfonium iodide (44.6 g, 203 mmol) was dissolved in a DMSO (174 ml_)/THF (73 mL) mixed 
solvent and cooled to 8-1 2°C. A slurry of sodium hydride (60% dispersion in oil, 6.4 g, 160 mmol) dispersed in liquid 
paraffin (6.4 g) was added dropwise at 8-1 5°C. After cease of hydrogen generation, the mixture was aged for 1 hr, and 
a solution of (2R)-2\5'-difluoro-2-hydroxypropiophenone (29.0 g, 156 mmol) in DMSO (73 mL) was added dropwise 
at the same temperature over 5 hr. After confirmation of the completion of the reaction by HPLC analysis, the reaction 

20 mixture was added dropwise to a mixed solution of water (247 mL) and toluene (116 mL), neutralized with hydrochloric 
acid and extracted with toluene. The extract was washed twice with water and the solvent was evaporated. The liquid 
paraffin was separated to give a pale-yellow oil (22.9 g, diastereomer mixture). The ratio of the title compound to its 
(2R,3S)diastereomer was 20:1 (HPLC area percent ratio). The HPLC analysis was performed under the same condi- 
tions as in Example 1 (retention time: (2R,3S) form; 12.6 min, (2R.3R) form; 13.4 min). 

25 1 H-NMR(CDCI 3 , 8ppm) 1 .1 7(3H,d, J=7Hz), 1 .79(1 H,d, J=8Hz), 2.80(1 H,d,J=5Hz), 3.30(1 H,d,J=5Hz), 4.14-4.20 (1 H,m), 
6.96-7.04(2H,m), 7.12-7.16(1 H,m) 

Example 7: (2R,3R>-3-(2 , ,5 , -difluorophenyl)-3,4-epoxy-2-methanesulfonyloxybutane 

30 [0085] To a solution of a mixture of (2R,3R)-3-(2',5 , -difluorophenyl)-3 t 4-epoxy-2-butanol obtained in Example 6 and 
its (2R,3S) diastereomer (20:1, 22.9 g, 124 mmol) in toluene (129 mL) was added triethylamine (13.4 mL, 133 mmol) 
and the mixture was cooled to 0-15°C. Methanesulfonyl chloride (14.3 g, 125 mmol) was added dropwise and the 
mixture was stirred for 2 hr. Water (87 mL) was added to the reaction mixture to allow separation. The obtained organic 
layer was washed with water and dried over anhydrous magnesium sulfate. After filtration, the solvent was evaporated 

35 under reduced pressure to give the title compound (29.3 g, yield 92%) as an oil. 

1 H-NMR(CDCI 3 , 5ppm) 1.44(3H,d,J=7Hz), 2.98(1 H,d,J=5Hz), 3.12(1H,s), 3.26(1 H,d,J=5Hz), 4.83(1 H,q,J=7Hz), 
7.04-7.08(2H t m), 7.12-7.18(1H,m) 

Example 8: (2R,3S)-2-(2 , ,5 , -difluorophenyl)-3-methyl-2-[(1H-1, 2,4-triazoM -yl)methyl]oxirane 

40 

[0086] (2R,3R)-3-(2 , ,5 , -Difluorophenyl)-3,4-epoxy-2-methanesulfonyloxybutane (29.3 g, 114 mmol) obtained in Ex- 
ample 7 was dissolved in DMF (43 mL). To this solution was added dropwise at about 60°C a solution of 1 ,2,4-triazole 
sodium salt prepared in advance by adding sodium hydride (60% dispersion in oil, 6.7 g, 167 mmol) by small portions 
to a solution of 1,2,4-triazole (11 .8 g, 172 mmol) in DMF (43 mL) and the mixture was stirred at the same temperature 

45 for 2 hr. The reaction mixture was neutralized with hydrochloric acid, poured into 7% brine and extracted 3 times with 
toluene. The toluene layer was washed with dilute hydrochloric acid and 10% aqueous sodium hydrogen carbonate 
solution and water, and the solvent was evaporated. Recrystallization from a mixed solvent of toluene (43 mL)/heptane 
(69 mL) gave pure (2R,3S)-2-(2 , ,5 , -difluorophenyl)-3-methyl-2-[(1 H-1 ,2,4-triazoM -yl)methyl]oxirane (1 1 .3 g, yield 43%, 
optical purity: 100%e.e. t melting point: 69°C). The HPLC analysis was performed under the same conditions as in 

so Example 4 (retention time: (2R.3S) form; 17.5 min, (2S,3R) form; 23.5 min). 

1 H-NMR(CDCI 3 , 5ppm) 1 .64 (3H,d, J=5Hz), 3.19 (1 H,q,J=6Hz), 4.42(1 H,d,J=15Hz), 4.96(1 H,d,J=1 5Hz), 6.76-6.80(1 H, 
m), 6.89-7.03(2H,m), 7.82(1 H,s), 7.98(1 H,s) 

Comparative Example 1: (2R,3R>3-(2 , ,4 , -Difluorophenyl)-3,4-epoxy-2-butyl-[3,4,5,6-tetrahydro-2H-pyran-2-yl]ether 

55 

[0087] Sodium hydride (60% dispersion in oil, 0.68 g, 17.0 mmol) was added to dimethyl sulfoxide (40 mL) and 
trimethyloxosulfonium iodide (3.91 g, 1 7.8 mmol) was added in small portions at 1 5 - 20°C. After generation of hydrogen 
stopped, a solution (8 mL) of (2R)-2 , ,4 , -difluoro-2-(3 t 4,5,6-tetrahydro-2H-pyran-2-yloxy)propiophenone (4.0 g, 14.8 
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mmol) in dimethyl sulfoxide was added dropwise, and the mixture was stirred at room temperature for 1 hr. After the 
completion of the reaction, the reaction mixture was added dropwise to water (120 ml_), and the mixture was extracted 
3 times with ethyl acetate (120 mL, 80 mL X 2). The layers extracted with ethyl acetate were mixed, washed twice with 
saturated brine (40 mL) and dried over anhydrous magnesium sulfate. After filtration, the filtrate (ethyl acetate solution) 
5 was concentrated. The obtained concentrate was subjected to silica gel column chromatography (Si0 2 , 50 g) and 
eluted with n-heptane - ethyl acetate (10:1). The objective fraction was concentrated and a mixture of mostly the title 
compound and a diastereomer thereof, (2R,3S)-compound, as a pale-yellow oil (3.84 g). 

[0088] The protecting group of the obtained pale-yellow oil was removed by the same method as in Reference Ex- 
ample 1 and analyzed under the same HPLC conditions as in Example 1. As a result, the ratio of the title compound 

10 and a diastereomer thereof, (2R,3S)-compound, was 4:1. 

[0089] As shown by the above results, the reaction of the compound (I) not protected with trimethyloxosulfonium salt 
and the like surprisingly proceeded easily to give compound (II). When compound (I) was in an optically active form, 
induction of racemization in this reaction was worried, but racemization was not observed in most cases. As shown in 
Comparative Example 1 and Examples 1 and 2, the use of compound (I) resulted in strikingly improved diastereose- 

15 lectivity as compared to the use of a compound protected by tetrahydropyranyl group. As shown in Example 4, more- 
over, epoxytriazole derivative (V) could be synthesized efficiently from compound (IV), which was produced by substi- 
tuting the hydroxyl group in compound (II) for a leaving group. 

INDUSTRIAL APPLICABILITY 

20 

[0090] According to the production method of the present invention, the steps of protection and deprotection can be 
eliminated and diastereoselectivity can be strikingly improved. Moreover, by substituting the hydroxyl group for a leaving 
group in compound (II), epoxytriazole derivative (V) and an intermediate therefor having high quality can be produced 
economically and efficiently by an industrial means. 
25 [0091] This application is based on patent application Nos. 2002-180610, 2002-313317 and 2002-318833 filed in 
Japan, the contents of which are hereby incorporated by reference. 



Claims 

30 

1. A production method of a compound of the formula (II) 



35 




(ID 



OH 



40 

wherein 

Ar is a phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluoromethyl group, and 
R is a hydrogen atom or a lower alkyl group, 

45 

which comprises reacting a compound of the formula (I) 



O 



50 




OH 



55 

wherein each symbol is as defined above, with a trimethyloxosulfonium salt or a trimethylsulfonium salt in the 
presence of a base. 
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The production method of claim 1 , wherein Ar is a group selected from the group consisting of a 2,4-difluorophenyl 
group and a 2,5-difluorophenyl group. 

The production method of claim 2, wherein R is a methyl group. 
A production method of a compound of the formula (III) 




(III) 



OH 



wherein 

Ar is a phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluoro methyl group, and 
R is a hydrogen atom or a lower alkyl group, 

or a salt thereof, which comprises reacting a compound of the formula (I) 



Ar 




(I) 



OH 



wherein each symbol is as defined above, with a trimethyloxosulfonium salt or a trimethylsulfonium salt in the 
presence of a base to give a compound of the formula (II) 



Ar 




(II) 



OH 



wherein each symbol is a defined above. 

The production method of claim 4, further comprising reacting a compound of the formula (II) 




(ID 



OH 



wherein each symbol is as defined in claim 3, with 1 ,2,4-triazole in the presence of a base. 
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6. The production method of claim 4 or 5, wherein Ar is a group selected from the group consisting of a 2,4-difluon 
ophenyl group and a 2,5-difluorophenyl group. 

7. The production method of claim 6, wherein R is a methyl group. 

8. A production method of a compound of the formula (IV) 



10 




(IV) 



X 



wherein 

Ar is a phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluorom ethyl group, 
R is a hydrogen atom or a lower alkyl group, and 
20 X is a leaving group, 

which comprises reacting a compound of the formula (I) 




wherein each symbol is as defined above, with a trimethyloxosulfonium salt or a trimethylsulfonium salt in the 
presence of a base to give a compound of the formula (II) 



40 




(ID 



wherein each symbol is as defined above. 

45 9. The production method of claim 8, which further comprises converting the compound of the formula (II) to a com- 
pound of the formula (IV) 



50 




(IV) 



X 



wherein each symbol is as defined in claim 6. 
10. The production method of claim 8 or 9, wherein Ar is a group selected from the group consisting of a 2,4-difluor- 
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ophenyl group and a 2,5-difluorophenyl group. 

11. The production method of claim 10, wherein R is a methyl group. 

12. A production method of an epoxytriazole derivative of the formula (V) 

N vV I 



Ar 




(V) 



15 



20 



wherein 

Ar is a phenyl group optionally substituted by 1 to 3 halogen atom(s) or a trifluorom ethyl group, and 
R is a hydrogen atom or a lower alkyl group, 

or a salt thereof, which comprises reacting a compound of the formula (I) 



25 



30 



Ar' 




(I) 



OH 



35 



40 



wherein each symbol is as defined above, with a trimethyloxosulfonium salt or a trimethylsulfonium salt in the 
presence of a base to give a compound of the formula (II) 



(ID 




wherein each symbol is as defined above. 

45 13. The production method of claim 12, which further comprises converting the compound of the formula (II) to a 
compound of the formula (IV) 



50 



O 
Ar 




(IV) 



55 



wherein X is a leaving group, and other symbols are as defined in claim 9, and reacting the compound of the 
formula (IV) with 1 ,2,4-triazole in the presence of a base. 
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14. The production method of claim 12 or 13, wherein Ar is a group selected from the group consisting of a 2,4-dif- 
luorophenyl group and a 2,5-difluorophenyl group. 

15. The production method of claim 14, wherein R is a methyl group. 

16. The production method of any of claims 3, 7, 11 and 15, wherein the compound of the formula (I) is (2R)-2\4- 
difluoro-2-hydroxypropiophenone obtained by deprotection of (2R)-2-(1-ethoxyethoxy>-1-(2,4-difluorophenyl)- 
1-propanone. 

17. (2R)-2-(1-Ethoxyethoxy>-1-(2,4-difluorophenyl)-1-propanone. 

18. (2R)-2-( 1 -Ethoxyethoxy)-1 -(2,5-difluorophenyl)- 1 -propanone. 

19. (2R)-2\5'-Difluoro-2-hydroxypropiophenone. 

20. (2R,3R)-3-(2',5 , -Difluorophenyl)-3,4-epoxy-2-butanol. 

21. (2R,3R)-3-(2 , ,5 , -Difluorophenyl)-3,4-epoxy-2-methanesulfonyloxybutane. 
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